ABSTRACT
INTRODUCTION
Cableway traffic, as one of the subsystems of national traffic system, occupies in this system a specific position and place. It allows very efficient mobility and relatively easy accessibility to those parts of nature that are more difficult to reach. The cableway traffic operates using different cable vehicles, which have in common different forms of devices to transport passengers, hauled mainly by cables. Cableways represent a very important part of the tourist offer in the Republic of Slovenia and the quality of their operation is therefore of great importance. Their operation is most significant precisely in the winter ski tourism.
The efficiency of cableway traffic system depends, the same as in other catering activities, on the users' -passengers' -satisfaction. The satisfaction of passengers depends on the quality of service that has been provided. The quality of services and passenger cableway transport safety at sport tourist centres is closely related to its reliable and safe operation. The level of safety and reliability of the entire cableway system is greatly affected by the occurrence of faults during its operating hours. This segment of affecting the quality of cableway traffic is still considered with insufficient attention in Slovenia. The object of research is the occurrence of faults and their causes and what influence they have on the transport of passengers in Slovenian cableway traffic.
PASSENGER TRANSPORT PROCESS IN CABLEWAY TRAFFIC
Systemic study of cableway transport of passengers is significant in order to improve and maintain the quality of the transport service. Figure 1 shows this process schematically, with individual procedures and different possible connections among them, as e.g. different lengths and travelling modes of individual clients -passengers, response and operation method of the cableway company as well as information flows, which need to be analysed.
Systemic monitoring of the provision of services is necessary for high-quality analysis of different disturbances, which occur during operation. The process itself includes all the important activities that are performed during the operation of the cableway companies. Based on the systemic approach presented and studied in such a way, in the analysis and synthesis of different working processes in cableway service reali-sation phases, it is possible to forecast in advance the disturbances, that may occur in the operation process presented in Figure 2 .
RESEARCH METHOD
The FTA (Fault Tree Analysis) method is used in different technical disciplines as the primary method to determine the reliability and availability in technological systems. The fault tree is a logical map of occurrences, which illustrates the links among undesired events at the level of the entire system and their causes at lower levels of the studied systems. The fault tree method consists of four steps: -system analysis, where the system is divided into subsystems (components) and the flow chart is developed;
-determining the undesired events -determining the scope of analysis;
-analysis of cause-effect links;
-determining the types of faults (primary, command, secondary fault).
The fault tree method is divided into qualitative and quantitative analyses.
Qualitative analysis
It starts with the determination of the main undesired event. The direct causes of this undesired main event are linked with the main event into an appropriate combination by means of AND or OR gates. The procedure is repeated all the way to the basic or elementary faults. 
Quantitative analysis
The probability of occurrence of individual events is used to calculate the number of shutdowns of the entire system. The most important values for the quantitative analysis are reliability or the number of shutdowns that are obtained with the research results or with the behaviour study of single elements or components. These are calculated according to the following equations:
Intensity of faults m:
Since the following always holds:
then the probability of fault occurrence is:
Since m = const., reliability R t hcan be expressed by exponential distribution:
then:
For low values of F t h, it holds that F t t m =ĥ h The probability of fault of the observed system:
SAMPLE OF CABLEWAY FAULTS REQUIRED FOR FAULT TREE ANALYSIS
The required data for analysis have been obtained based on the logbook and interviews with technical heads at individual sport and tourist centres in Slovenia. The data were collected for the period between 1996 and 2006. Only data on faults were collected that caused cableway shutdowns during its operation, which means that the fault caused the shutdown in cableway operation. Here the faults that occurred while the cableway was not operating, i.e. during overhaul, have not been taken into consideration.
For every cableway the following data were collected: name and type of cableway, type of fault that caused the cableway shutdown, year in which the fault occurred, duration of cableway shutdown due to this fault, number of faults in one year, number of cableway operating hours in one year, number of transported passengers per year for individual cableways.
Fifty-eight cableways were taken as a sample, out of which: -2 reversible aerial cableways; -1 circulating gondola; -2 detachable-grip six-seat chairlifts; -2 detachable-grip four-seat chairlifts; -5 fixed-grip four-seat chairlifts with a loading mobile band; -1 fixed-grip three-seat chairlift; The sample, however, accounts for only 25.4% of the total number of operative cableways in 2006. Considering the structure of cableways, then the sample included 50% cabin lifts, 43% chairlifts and 18.8% skitows.
ANALYSIS OF FAULTS ACCORDING TO FAULT TREE METHOD ON CABLEWAYS IN SLOVENIA
The flowchart in Figure 3 represents a scheme of cableway operation. This flowchart is valid for all the circulating cableways; however, for aerial cableways with bullwheel and funiculars it is valid with certain modifications.
In the period from 1996 to 2006 at 58 studied cableways there were 102,317 faults that caused 5,139.5 hours 1 of cableway operation shutdown.
In these eleven years these cableways operated for 352,287 working hours.
Research results
The causes of faults may be: human (72.7% faults -command faults), obsoleteness or poor quality material (15.4% faults -primary fault), weather (11.2% -secondary faults) and external factor -power failure (0.7% -secondary faults), which can be seen in Table 1 .
Indeed, the number of faults is an important factor for the probability that in the next hour the cableway will malfunction, but for the quality of service the time is also important, for how long the device is not operating due to the fault. In this example, most of the downtime hours are caused by the humans due to their handling or behaviour (35.1%), obsoleteness or poor quality material (31.9%), weather conditions (28.6%) and power failure (4.4%).
The weather conditions affecting most the faults are: ice (1,184 hours), wind (93.25 hours), snow -excessive snow (27.57 hours) and thunderbolt (10.73 hours). Faults due to temperature difference between the top and bottom station (41.55 hours) affect only one cableway, and therefore this data is not so important for the entire sample of cableways. Table 2 shows best the occurrence of faults regarding the cableway assembly.
In all types of cableways most faults occurred in electrical devices, and that is on the control devices, control instruments, safety instruments. Table 2 shows that most faults in cabin lifts are on the grips of reversible cabin lifts, which regularly occurs only on one cableway. Regarding the shutdown duration, prevalent are the faults on the tracks equipment and faults on ropes (one reversible aerial cableway was shut down for several days due to the fault of the carrying rope). Considering the very small sample In case of one-seat chairlifts, the majority of faults are caused by humans -passengers, both on entry and exit from the chairlift (more than 80%). Regarding shutdown duration, most of the faults are on the mechanical track equipment, electrical devices and power units. The fact is that shutdown times are the longest due to power unit faults.
In case of ski-tows, most of the faults are on electrical devices, when, due to incorrect throwing the towing device is not withdrawn on time thus switching off the safety switch before the sheave. Regarding the shutdown duration, the greatest impact is by the faults on electrical devices and on the ropes, resulting in rope derailment out of the sheave batteries (due to improper usage by skiers).
For each group of cableways the faults tree ( Figure  4 ) was made and it was used to carry out the qualitative and quantitative analyses.
The following example provides data for ski-tows. In the eleven-year period 32 ski-tows operated for 188,023 hours. Within that period there were 79,947 faults which caused 3,167.96 hours of shutdown on ski-tows, presented in Table 3 .
If the data on faults are inserted in equations 3.1, 3.5, and 3.6, the results of the quantitative faults tree analysis are obtained which are presented in Table 4 .
The probability of fault occurrence in case of skitows within one working hour:
.
Ski-tow shutdown duration within one working hour:
In the same way the faults tree analysis was carried out for cabin lifts and for chairlifts.
For single types of cableways, included in the survey, the results of the quantitative faults tree analysis are best seen in Table 5 . Table 5 shows that the fixed-grip one-seat chairlifts, fixed-grip three-seat chairlifts, four-seat chairlifts without loading band, detachable-grip six-seat chairlifts and reversible aerial cabin lifts feature the highest reliability. In case of these cableways the level of faults in one working hour is lower or equal to 0.008, which means that in case of these cableways the fault will occur in at least 125 working hours. (1/0.008 =125).
Interpretation of results
In these cableways the influence of humans on faults is the lowest. Thus, in one-seat chairlifts the passenger is alone in the seat and does not disturb another passenger since there is no-one beside them. The same holds for the detachable-grip chairlifts since here the passengers are loaded and unloaded at very low speeds of the seat and do not disturb other passengers.
The least reliable of all the types of cableways are chairlifts with loading bank on entry and ski-tows. In case of these cableways humans have the highest influence on the occurrence of faults. These types of cableways have highest speeds of vehicles / towing devices on entry and exit, which is very uncomfortable for the passengers.
For all types of cableways in Slovenia the results of the quantitative faults tree analysis are the following: the probability of cableway fault occurrence in one working hour:
. Figure 5 Average number of cableway faults in a year regarding its age - 
IMPACT OF FAULTS ON CABLEWAY TRAFFIC
Regarding faults that have caused cableway shutdowns, the question is whether they have influenced the number of carried passengers. The number of passengers carried by cableways depends mostly on the amount of snow at a skiing centre and on other weather conditions. Therefore, it is difficult to establish whether the number of passengers was reduced due to the increase in the number of cableway faults. Regarding the data that were obtained for 58 cableways for 11 years of operation (from 1996 to 2006), it is possible to analyse the dependence between the reduction of the number of carried passengers on the number of faults on single cableways in a season. This analysis can be done based on the following assumption: -weather conditions (amount of snow, temperature) have the greatest influence on the number of passengers carried by cableways at skiing centres, provided this influence is equal for all the cableways at one skiing centre.
-if in a season the relation between the number of passengers carried by a single cableway and the total number of passengers carried at a skiing centre is reduced, and if at the same time the number of faults or the shutdown duration due to faults on the respective cableway increases, one may conclude that the cause of the reduction in the number of passengers is the increase in the number of faults. This is presented in Figures 6 and 7 for one-seat chairlift. Figure 6 shows the number of the carried passengers and the average number of the carried passengers for the cableway at a skiing centre in the seasons from 1996 to 2006. Moreover the values for the probability of fault have been added (vault/hour). Figure 7 shows the number of faults in individual seasons, together with the shutdown duration in a single season and the relation between the number of carried passengers according to the number of average carried passengers for the cableway at a skiing centre in which it is located.
These figures show that the faults mostly occurred in the year 1998. In that year (season) the number of the passengers carried on this ski-tow was reduced most, and in the same period the average number of passengers carried by cableway at this skiing centre increased in this year (compared to 1997). This leads to the conclusion that in 1998 it was precisely the cableway shutdowns that were causes for the reduction of the number of the carried passengers. The data for this cableway show that in that year there were faults on the bearings in the shaft, which resulted in several days' shutdown. Regarding the analysis that was done for all the 58 cableways for which the data on faults and on the traffic were obtained from 1996 to 2006, the influence of faults has been determined on the reduction in the number of carried passengers for 14 cableways and for 22 ski seasons (years). Since 58 cableways in eleven years operated during 638 ski seasons (11 x 58), it may be concluded that the influence of faults on the reduction in the number of carried passengers (skiers) was as little as 3.4%. (22 out of 638).
CONCLUSION
The reliability analysis of cableways in Slovenia in the period from 1996 to 2006 has led to the conclusion that the major causes of faults include: -human influence (passenger and employee -72.7%); -obsoleteness or poor quality material (15.4%); -meteorological factors (11.2%); -power failure and other (0.7%).
In all types of cableways the biggest cause of faults is the equipment for command, control and safety instruments.
Fixed-grip one-seat chairlifts, fixed-grip three-seat chairlifts, four-seat chairlifts without the loading band, detachable-grip six-seat chairlifts and aerial cabin lifts with reversible aerial ropeways have shown the highest reliability.
Chairlifts with loading band and ski-tows have shown the lowest reliability.
It has been concluded that the impact of faults on the reduction in the number of carried passengers amounted to as little as 3.4%. The probability that a cableway fault would occur within one operating hour is 0.2904.
